a b s t r a c t
a b s t r a c t

Disrupted structural connectivity is associated with psychiatric illnesses including bipolar disorder (BP).
Here we use structural brain network analysis to investigate connectivity abnormalities in multiply affected BP type I families, to assess the utility of dysconnectivity as a biomarker and its endophenotypic potential. Magnetic resonance diffusion images for 19 BP type I patients in remission, 21 of their first degree unaffected relatives, and 18 unrelated healthy controls underwent tractography. With the automated anatomical labelling atlas being used to define nodes, a connectivity matrix was generated for each subject. Network metrics were extracted with the Brain Connectivity Toolbox and then analysed for group differences, accounting for potential confounding effects of age, gender and familial association. Whole brain analysis revealed no differences between groups. Analysis of specific mainly frontal regions, previously implicated as potentially endophenotypic by functional magnetic resonance imaging analysis of the same cohort, revealed a significant effect of group in the right medial superior frontal gyrus and left middle frontal gyrus driven by reduced organisation in patients compared with controls. The organisation of whole brain networks of those affected with BP I does not differ from their unaffected relatives or healthy controls. In discreet frontal regions, however, anatomical connectivity is disrupted in patients but not in their unaffected relatives.
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Introduction
The brain is an immensely complex system that is both highly specialised and integrated. Through recent advances in diffusionweighted magnetic resonance imaging (MRI) and the application of graph theory, we can now model anatomical connectivity within the brain as a network. To date, multiple studies have used network analysis to investigate the organisation of the brain, determining it to be a vastly well-organised network displaying small world properties and a large degree of clustering, where communities of grey matter structures are more highly connected to each other than to regions in other clusters (Hagmann et al., 2007 (Hagmann et al., , 2008 Iturria-Medina et al., 2008; Gong et al., 2009; Bassett et al., 2011) . This technique has also been successfully implemented in a few studies to examine anatomical network abnormalities in disease (Lo et al., 2010; van den Heuvel et al., 2010; Caeyenberghs et al., 2012 Caeyenberghs et al., , 2014 Leow et al., 2013; Reijmer et al., 2013a Reijmer et al., , 2013b . Most relevant of the network analysis literature for the current study is an investigation of bipolar disorder (BP) that revealed impaired connectivity between hemispheres for the BP patients compared with controls (Leow et al., 2013) . Considering the recent consensus review of BP that determined two key emotional control networks are dysfunctional in BP (Strakowski et al., 2012) , we decided to use network analysis to evaluate the structural networks of the brain and determine at a network rather than local level what is abnormal in BP. The rationale for this form of investigation has been further strengthened by the 
